Abstract. This paper derived a closed-form solution for the stress distribution of composite plates with interference fit. A distinctive feature of the present analysis was that the relationship between bolt and hole was interference fit, in contrast to the commonly-used assumption of clearance fit and neat fit. Under the condition of plane stress, the stress distribution function of the composite hole was obtained by establishing the interference fit connection model between the linear elastic composite laminated plate and the blind bolted fastener. By comparing with the previous numerical analysis of the finite element model, the theoretical prediction solved by analytical method agreed with the results of FEM.
Introduction
As the composite materials has become more and more widely used in the fields of aerospace, aviation and automotive, the fatigue performance of the whole plane and the fatigue life of composite structure have also attracted more and more attention. The mechanical structures of aircraft were mainly composed of high performance material structures (mostly composite structures) and advanced connection technology. However, the connection of composite materials was the weak link of composite structures. So in the design process of composite structure, researchers had not only satisfied with the dynamic analysis of the composite material itself, but also needed to pull enough energy in the dynamic performance research of composite structure.
Because of the structural complexity of composite materials and the complex three-dimensional stress/strain distribution during the connection, the connection design of composite materials was completely different from that of metal connection structures, and the failure of composite material connection structure was also different from that of metal structure in general. It was not possible to predict the failure load of a structure based on the assumption of total elasticity and total plasticity of the material structure. In the process of composite connection design, a number of parameters should be considered, including design method, selection of composite materials and fasteners, connection geometry size, tightening torque, etc. If any a parameter of the fastener connection structure did not meet the design requirements, the whole structure might be invalidated. The failure usually began at the connection point and then extended in the thickness direction until the entire composite structure was destroyed. The quality of fastener connection directly affected the reliability and stability of the structure. In order to design an excellent composite fastened connection structure, the mechanical properties and stress field distribution of the whole composite structure should be thoroughly studied.
Under the condition of plane stress or plane strain, when the pin was loaded with the infinite large plate containing hole in the aerospace field, the stress concentration of the edge of composite hole in the elastic range of the line was usually a classic problem [1] . Bickley [2] first solved the stress concentration problem of the rivet loaded with infinite large perforated plate by precise analytical method. Under the assumption that the fastener was a rigid body and the distal end of the plate imposed uniformly distributed tensile load, Jong [3] and Mizushima [4] obtained that the contact radial stress field between the nail holes was cosine distribution. Ho [5] established a simplified contact model and solved the contact stress distribution of the rivet loaded infinite plate by closed analytical method. Persson studied the stress distribution of cylindrical elastomers without friction contact, Nobie [6] studied the contact problems of different material structures under ideal mating forms. Based on the previous two studies, Michele [7] established the mechanical model of mechanical fastener joint structure and studied the contact stress distribution of cylindrical surface without friction. Sundaram [8] further considered the friction between the nail holes, and proposed the control equation of contact total slip type and the invisible control equation of contact partial slip. It found that the contact friction coefficient did not affect the contact force distribution when the contact force was greater than a certain critical value with the linear increase of the load. On the basis of previous research [8] , Sundaram [9] refined the rigid body pin into elastic body, and set up the control equation of partial/total slip surface conformal contact, considering the effect of friction and contact conformal. Most of the above researches focused on the form of integral or sliding fit connection in the mechanical connection structure of composite materials, and the form of composite connection structure for interference fit was rarely involved.
The stress distribution at the edge of the bearing hole in anisotropic composite plates had always been an important basis for the analysis and design of composite connection structures. At present, most researches mainly focused on the sliding fit problem of the loading by pin, however there was little research on the interference fit of anisotropic materials. Therefore, this paper studied the stress distribution of anisotropic composite plates with interference fit under the condition of plane stress. By establishing the interference fit connection model between the linear elastic composite laminated plate and the blind bolted fastener, the stress distribution function of the composite hole was obtained. By comparing with the previous experimental results and the numerical analysis of the finite element model, the effect of interference fit on the bearing stress at the edge of anisotropic plate hole was illustrated.
Mechanical Model of Interference Fit
The problem of interference fit connection of homogeneous orthogonal anisotropic composite monolayer plates under plane stress was studied. It was assumed that the interference fastener was a rigid body, the composite material plate was orthogonal anisotropy, the surface force and physical force on the side were parallel and symmetric with the middle surface, and the distribution along the thickness was slow to change.The simplified structure of the composite single layer plate after interference fit was shown in Figure 1 . Because the single-layer plate was very thin (h/a<<1), the deformation state of the plate could be described by using the average stress and displacement along the thickness. 
In the plane stress problem, the deformation coordination equation determined by the relation between strain and displacement was as follows: In order to satisfy the equilibrium equation, the stress function (F(x,y) ) was introduced, and had the following relationship with the average stress (σx, σy, τxy):
According to generalized Hooke's law, the physical equation of generalized plane stress problem could be obtained: 
For the case of orthogonal anisotropy plates, it was gotten that: 
Then, Eq.5 could be converted to the following. 
Complex function method was selected to the general differential equation, and then Eq.3 could be expressed as follows:
By substituting the above Eq.9 into Eq.5 and integrating it, the solution of the complex potential function could be obtained as follows:
Where, ω 3 was the rotation angle component of the object around the z axis, u 0 , v 0 were the displacements along the x and y axes respectively. The parameters (p k , q k ) were expressed as: 
According to the formula of rotation angle, radial and circumferential stress values at any angle at the edge of the hole during the process of interference fitting could be obtained: 
Results and Comparison
The variation of the dimensionless normal contact stress σ rr (πR/P) with θ was plotted in Fig.2(a) and Fig.2(b) showed the normalized shear contact stress σ rr (πR/P) with θ for comparing with the results of FEM in [10] . As seen from Figure 2 
Conclusions
We had derived analytically a closed-form solution for the stress distribution around the hole of composite laminates loaded by an interference-fitted fastener. The conclusions were as follows: 1) An analytical model for interference fit of anisotropic material fasteners was established, and the complex potential function was solved by using the complex variable function method, and the stress distributions of the edge around hole under different interferences were derived. At the same time, radial stress components, circumferential stress components and shear stress components at any point of the hole edge were derived by using the rotary Angle formula;
2) The theoretical prediction solved by analytical method agreed with FEM around the bearing angle θ of composite hole, which would provide strong theoretical support for the design of composite connection.
